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PURPOSE: To provide a field emission type electron 
tube, which has a long lifetime and which can emit 
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CONSTITUTION: Getter material 20, which is fused by 
the plasma flame spraying, is housed in a box-type boat 
21. As the getter material 20, the material obtained by 
mixing a fine quantity (about 4%) of Ni in BaA14 is used. 
A boat 21 is manufactured by performing the reactive ion 
V etching(RIE) to W (tungsten). This boat 21 is housed in a 
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single crystal and which is formed into a clog-shape for 
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surface is formed into the uneven shape. 
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ABSTRACT : PURPOSE: To provide a field emission type electron tube, which has a long lifetime and 
which can emit electrons stably. 

CONSTITUTION: Getter material 20, which is fused by the plasma flame spraying, is 
housed in a box-type boat 21 . As the getter material 20, the material obtained by mixing a 
fine quantity (about 4%) of Ni in BaAI 4 is used. A boat 21 is manufactured by performing 
the reactive ion etching(RIE) to W (tungsten). This boat 21 is housed in a case 22 (heat 
insulating type case), which is made of Si single crystal and which is formed into a 
clog-shape for heat insulation on the back surface support plate. A gas adsorption part 
base body 23 is made of Si single crystal as same as the heat insulating case 22, and of 
which the surface is formed into the uneven shape. 
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Unexamined Japanese Patent Publication 5-182608 
Published 23 July 1993 

Translation of Specification and Claims into English 
By Japanese Patent Office 
With Japanese Drawings 

Application number: 3-347209 Inventors) : Masakazu et al. 

Filing date: 27 December 1991 Applicant: Sharp Corp. 


Claims 

1 . A field emission mode electron tube equipped with the cold cathode which emits an electron based 
on the principle of field emission, and the getter evaporator containing a getter ingredient. The gas 
adsorption section by which the vacuum evaporation film of said getter ingredient which had 
countered said getter evaporator and evaporated in said getter evaporator is formed in a front face, It 
has the free passage section which opens spatially for free passage the gap between said getter 
evaporators and said gas adsorption sections, and the migration space of the electron emitted from said 
cold cathode. The field emission mode electron tube characterized by for opening of said gap which 
leads to this free passage section, and opening of said electronic migration space having shifted 
mutually, and having arranged them about the direction of electron emission to said free passage 
section. 

2. The field emission mode electron tube according to claim 1 characterized by the front face of said 
gas adsorption section being a concavo-convex configuration. 

Industrial Application 

[0001] This invention relates to the field emission mode electron tube applied to flat-surface panel 
display equipment etc. 

Description of the Prior Art 

[0002] Although flat-surface panel display equipment is developed briskly and the liquid crystal 
display (LCD), the electroluminescence display (EL), the light emitting diode display (LED), etc. 
have appeared in a commercial scene in recent years, it is inferior to the color Braun tube (CRT) in 
respect of brightness, resolution, and full-colorizing. In order to cancel these troubles, the flat-surface 
panel display using the thermocouple emission from two or more cathodes is developed. This is 
equipment which controls by ejection and electromagnetic field, deviates, converges, accelerates an 
electron beam thermally from a flat surface electron source substantially, carries out incidence to a 
fluophor, and is made to emit light. 

[0003] The getter section of this flat-surface panel display equipment is explained below. Fig. 5 is a 
perspective view of the electrode structure 40 which constitutes this flat-surface panel display 
equipment, and the vacuum envelope 41. The thickness of the electrode structure 40 which consists of 
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a cathode electrode, two or more grids, a deflecting electrode, etc. is about 10 cm, and spacing of this 
electrode structure 40 and the vacuum envelope 41 is about 2 cm. The getter is ****(ed) by parallel to 
the side face of the vacuum envelope 41 in this space, the wire getter 42 prepares as a getter ~ having - 
- **** - the wire getter 42 - the inside of case 42a - BaA14 from - getter ingredient 42b which 
changes is included. Ba is evaporated and the inner surface of the vacuum envelope 41 is made to 
vapor-deposit the getter film 43 by energizing getter ingredient 42b in a vacuum, and heating at about 
1000 degrees C This adsorbs in residual gas and the inside of a vacuum envelope is held at a high 
vacuum. 

[0004] However, the flat-surface panel display further made small and light is quickly demanded 
according to the social phenomenon of buildupizing of amount of information, or personalizing. And 
the flat-surface panel display equipment which carried out matrix arrangement of the microphone 
roggan of field emission mode cold cathode especially attracts attention. The example has an R and "a 
micro TIPPUSU fluorescence display (Microtips Fluorescent Display)", and it is announced by Japan 
display (Japan Display) 1986 conference, [else / HEIYA / (R. Meyer) ] A microphone roggan is 
formed with a molybdenum cold cathode chip, and an electron is emitted from a cold cathode chip 
head by the electric field effect between the gate electrodes prepared in the perimeter of a summit of a 
cold cathode chip and a cold cathode chip. The anode electrode which consists of a luminophore 
ingredient has separated about 100 micrometers from the gate electrode surface. 

[0005] There is no flat-surface display unit which established the device in which it sees from a 
dimension and is impossible, and the getter of further others was not used, either, but installing the 
above wire getters in the interior of the vacuum envelope (electron tube) of this equipment adsorbed 
residual gas or generating gas in this time, and it maintained a degree of vacuum, and it has not 
resulted in utilization as a product. 


Problem(s) to be Solved by the Invention 

[0006] Although the flat-surface panel display equipment using the microphone roggan of field 
emission mode cold cathode has the display engine performance in which it is a thin shape and the 
usual CRT is excelled, it has not resulted in utilization. The main reason is difficult to hold between 
cold cathode and an anode luminophore ingredient with a high vacuum. The gas which occurs from 
the interior of the structure after residual gas and a vacuum lock is ionized by the electron beam. In 
order that it may be accelerated with the electrical potential difference impressed between cold 
cathode and an anode luminophore ingredient and between cold cathode and a gate electrode and the 
ion may collide and carry out a spatter to cold cathode with high energy, the life of cold cathode is 
short and is because electron emission actuation becomes unstable. 

[0007] Using a barium (Ba) getter is also considered as an approach of maintaining a high vacuum. 
There are a ring getter heated by the RF and a wire getter heated by the above mentioned energization 
as this barium getter. However, the thickness of these getters cannot be installed in the electron tube 
section of those with 2 mm or more, and a field emission mode display unit. Moreover, even if it 
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makes it thin, a getter atom adheres to a surroundings lump, cathode, a gate electrode, and an anode 
electrode at the time of a getter flash plate, and there is a danger of polluting these electrodes. 

[0008] Therefore, this invention solves the above-mentioned trouble, has a longevity life, and offers 
the field emission mode electron tube with stable electron emission actuation. 

Means for Solving the Problem] 

[0009] According to this invention, it is the field emission mode electron tube equipped with the cold 
cathode which emits an electron based on the principle of field emission, and the getter evaporator 
containing a getter ingredient. The gas adsorption section by which the vacuum evaporation film of 
the getter ingredient which had countered the getter evaporator and evaporated in the getter evaporator 
is formed in a front face, It has the free passage section which opens spatially for free passage the gap 
between a getter evaporator and the gas adsorption section, and the migration space of the electron 
emitted from cold cathode. The field emission mode electron tube with which opening of a gap and 
opening of electronic migration space which lead to this free passage section have been arranged by 
shifting about the direction of electron emission to the free passage section is offered. 

[0010] Moreover, the front face of the gas adsorption section may be a concavo-convex configuration. 

Function 

[001 1] The getter ingredient vapor-deposited by the gas adsorption section adsorbs in the residual gas 
and generating gas of the electron emission section. Moreover, if a gap and electronic transition space 
shift and are arranged about the direction of electron emission to the space section, a getter atom will 
surroundings-lump-come to be hard to electronic transition space at the time of a getter flash plate. 

[0012] Moreover, also in the space of the narrow electron tube, a large gas adsorption area can be 
taken and residual gas and generating gas are adsorbed efficiently promptly. 

Example 

[0013] The example of this invention is explained to a detail using a drawing below. 

[0014] Fig. 1 is the sectional view showing roughly the configuration of the getter section of one 
example of the field emission mode electron tube by this invention, and Fig. 2 is the perspective view 
showing roughly an example of the flat-surface display unit using the field emission mode electron 
tube by this invention. 

[0015] As shown in Fig. 2, the field emission mode electron tube is equipped with the vacuum 
envelope 10, the vacuum envelope 10 is equipped with the face plate 1 1 and the tooth-back buttress 
plate 14, and a face plate 1 1 consists of a display 12 and the frame section 13. In the flat-surface 
display unit using this field emission mode electron tube, the fluophor potential circuit 16 and the base 
actuation circuit 17 are provided, moreover, the area of for example, the front face of the field 
emission mode electron tube ~ 160 x 130 mm2 it is - among those, a screen size is 2 1 10 x 90 mm 
(equivalent to 6 inch mode). 

[0016] Fig. 1 is the enlarged drawing of the A-A line of Fig. 2. 
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[0017] The getter ingredient 20 is melted by plasma **** and stored in the boat 21 of a core box. By 
this approach, a getter ingredient is cast in the shape of [ of 100 micrometers of thickness numbers ] 
sheet metal. As a getter ingredient, it is BaA14, for example. What mixed nickel of a minute amount 
(about 4%) is used. 

[0018] A boat 21 is produced by carrying out reactive ion etching (RIE) of the W (tungsten) - having 
— magnitude — about 10 — it is mm(length) x 50 mm (width) x 0.6 mm (depth) x 0.4 mm (board 
thickness). This boat 21 is stored on the tooth-back buttress plate 14 by the case (heat insulation mode 
case) 22 adiabatically formed in the wooden-clogs mold. After this heat insulation mode case 22 
carries out patterning of the Si single crystal wafer beforehand, it is produced by the anisotropic 
etching using either, such as wet etching by plasma ion etching, RE, or alkali etchant. Thus, a getter 
evaporator including the getter ingredient 20, a boat 21, and a case 22 is formed. 

[0019] The gas adsorption section base 23 consists of Si single crystal like the heat insulation case 22. 
Surface concavo-convex section 23a is produced by the anisotropic etching using either, such as wet 
etching according the wafer which carried out patterning beforehand to plasma ion etching, RIE, or 
alkali etchant. The distance (height of thread) of the deepest part of concavo-convex section 23 a and 
the top-most-vertices section is 100 micrometers in divisor, the area of the wafer with which the 
concavo-convex section 23a was formed - the getter evaporator of a getter ingredient — large — about 
14 [ for example, ] - x 54 mm2 it is . And the getter section which consists of the getter evaporator 
and gas adsorption section base which were produced in this way is installed in the internal ends of a 
display unit vacuum envelope. 

[0020] Formation of the getter film from the getter evaporator of a getter ingredient to the gas 
adsorption section base 23 performs an electrode on a boat 21 with installation and the so-called 
resistance heating vacuum deposition. Under the present circumstances, applied voltage is controlled 
so that the temperature of the source of a getter ingredient at the time of vacuum evaporation becomes 
1 100 degrees C or more and 1300 degrees C or less (a maximum of 1 0 A is enough as a current 
value). The gas adsorption section base 23 serves as the gas adsorption section by forming the getter 
film. In this example, although the getter film consists of Ba, it may be formed from Ba, aluminum, or 
these alloys. Since it is the getter film of a contact mold, getter capacity is proportional to the gross 
area also with a thin film. Therefore, since the front face of the gas adsorption section base 23 is a 
concavo-convex side, the getter operation is improving twice [ about ]. In addition, the getter 
evaporator and gas adsorption section base of a getter ingredient are separated the divisor of 10 
micrometers in the maximum contiguity section, without repeating the getter film, and forming and 
contacting. 

[0021] Next, the physical relationship of this getter section and the electron emission section electrode 
structure 24 is described. Fig. 3 is the enlarged drawing of the B section enclosed with the dotted line 
of the sectional view of the field emission mode electron tube shown in Fig. 1 . Cold cathode 30 is 
carrying out the cone configuration where the head (electron emission section) sharpened, through the 
electric insulating layer (for example, Si02 film) 31, by impressing an electrical potential difference to 
the gate electrode 32 in which the laminating was carried out by this, electric field are impressed to 
cold cathode 30, and an electron is emitted from electron emission section 30a which is the point of 
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cold cathode 30. The emitted electron is accelerated toward the anode electrode 33 which consists of a 
transparence conductive layer (for example, ITO film). The fluophor 34 is applied on this anode 
electrode 33, and light is emitted by electronic incidence. As a fluophor 34, if red, blue, and the green 
three primary colors are made to adhere suitably, color display will be possible. In addition, matrix 
control of the control of electron emission is carried out with the gate electrode 32 and the control 
electrode 35 under cold cathode. 

[0022] Fig. 4 shows the amplification perspective view of the electron emission section electrode 
structure C section of Fig. 3. The gate electrode 32 is formed so that the head of the cone mold cold 
cathode 30 may be surrounded. This gate electrode 32 can be made to drive for every cold cathode 
group corresponding to 1 pixel. 

[0023] The physical relationship of the getter section and an electron emission section electrode 
structure is designed so that the getter ingredient atom which evaporated from the evaporator may not 
pollute the electron emission section. The means is that the getter evaporator and the gas adsorption 
section base are prepared, as are shown in Fig. 1, and the opening 28 by which a gap 25 leads to the 
free passage section 27 arranges from the opening 29 of the migration space 26 ahead [ direction of 
electron emission ] to the free passage section 27 which opens for free passage the gap 25 which the 
getter evaporator and gas adsorption section base of a getter ingredient form, and the migration space 
26 of the electron emitted from cold cathode. In addition, the same effectiveness is acquired even if it 
allots the direction back of electron emission. 

[0024] Cold cathode and a gate electrode are protected from contamination of a getter ingredient by 
this, however, the pollution-control structure of necessary minimum [ this ] — it is — actual — further — 
the contamination to an anode electrode - ** — if it kicks, it will not become. At this example, as 
already stated, the size of each field which the getter evaporator and gas adsorption section base of a 
getter ingredient were made to approach, was made to counter, and has countered has also prevented 
the contamination to an anode electrode by making it narrower [ the opposed face of the getter 
evaporator of a getter ingredient ] than the opposed face of a gas adsorption section base. 

[0025] As mentioned above, the following effectiveness was checked by preparing the getter section 
of the above-mentioned configuration in a vacuum envelope. When the degree of vacuum in early 
stages of [ after / a vacuum lock ] a vacuum envelope considered as 1 0-8 Torr order and a getter was 
not performed at all, the degree of vacuum worsened to 10-4 Torr order, and it stopped operating after 
10 minutes by repeating display actuation. Under the present circumstances, the total operating time 
was stretching about 10 hours. On the other hand, by performing a getter timely, the degree of vacuum 
could hold 10-7 Torr order continuously also in the time of display actuation, and the continuous 
action of 5000 hours or more was checked. 

[0026] As mentioned above, at this example, it is the nickel addition BaA14 as a getter ingredient. 
Although used, the effectiveness that the same is otherwise said also of metal simple substances, such 
as Ti (titanium), Zr (zirconium), and Ta (tantalum), and the alloy or compound which contains [ at 
least one ] Ba, Ti, Zr, Ta, etc. is acquired. Moreover, refractory metals, such as Ta and Mo 
(molybdenum), are also used as a boat ingredient. Moreover, as a means to evaporate a getter 
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ingredient, by this example, although the resistance heating method is used, when a getter ingredient is 
high-melting, there are electron impact mass spectrometry, a radio frequency heating method, etc. 
Moreover, as the formation approach of a getter ingredient, there are also the forming methods, such 
as the thin film forming methods, such as vacuum evaporation technique besides a plasma metal 
spray, a spatter, and the ion plating method, or sticking by pressure. 

Effect of the Invention 

[0027] Since the vacuum evaporation film of the getter ingredient which was the field emission mode 
electron tube equipped with the cold cathode which emits an electron based on the principle of field 
emission, and the getter evaporator containing a getter ingredient, had countered the getter evaporator 
and evaporated in the getter evaporator was equipped with the gas adsorption section formed in a front 
face according to this invention as explained to the detail above, the residual gas and generating gas in 
the field emission mode electron tube can be adsorbed. Moreover, it has the free passage section 
which opens spatially for free passage the gap between a getter evaporator and the gas adsorption 
section, and the migration space of the electron emitted from cold cathode. Since opening of a gap and 
opening of electronic migration space which lead to this free passage section shifted and have been 
arranged about the direction of electron emission to the free passage section, it can prevent a getter 
atom adhering to cold cathode or a gate electrode at the time of a getter flash plate, and polluting these 
electrodes. Furthermore, if the opposed face of a getter evaporator is specifically narrower than the 
opposed face of the gas adsorption section, the contamination to the anode electrode by the getter 
atom can be prevented further. 

[0028] Moreover, also in the space of the narrow electron tube, a large gas adsorption area can be 
taken as the front face of the gas adsorption section is a concavo-convex configuration, and the gas 
which occurs from the interior of the structure after residual gas and a vacuum lock is adsorbed 
efficiently promptly. 

[0029] It can become possible to maintain the interior of the field emission mode electron tube using 
field emission mode cold cathode at a high vacuum according to the above effectiveness, as a result, 
stabilization of electron emission actuation and reinforcement can be attained, and the flat-surface 
panel display equipment using the microphone roggan of field emission mode cold cathode can be 
offered. 

Brief Description of the Drawings 

Fig. 1 is a sectional view of one example of the field emission mode electron tube concerning this 
invention. 

Fig. 2 is a perspective view of an example of the flat-surface panel display using the field emission 
mode electron tube concerning this invention. 

Fig. 3 It is an expanded sectional view of the field B of Fig. 1 . 

Fig. 4 is a perspective view showing the whole electron emission section shown in Fig. 3. 

Fig. 1 is a perspective view of an example of the conventional field emission mode electron tube. 
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Description of Notations 

12 Display 

13 Frame Section 

14 Tooth-Back Buttress Plate 

15 Vacuum Envelope Side Attachment Wall 

20 Getter Ingredient 

21 Boat 

22 Heat Insulation Mode Case 

23 Gas Adsorption Section Base 

24 Electron Emission Section Electrode Structure 
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Fig. 1 
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Fig. 4 
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